The methanol extracts of wasabi leaves (Wasabia japonicaMatsumura
Introduction
Wasabia japonica Matsumura (sawa-wasabi in Japanese) is an edible plant belonging to the Cruciferae family and its roots and rhizomes are widely used in Japanese cuisine as the pungent spice wasabi ("Japanese horseradish"), which is used to garnish traditional dishes such as sushi and sashimi. The strong pungent smell associated with the roots of wasabi is derived directly from volatile allyl isothiocyanates via their reaction with myrosinase (Kojima et al., 1973) . Several allyl isothiocyanate derivatives from wasabi have been reported to exhibit a variety of interesting biological properties, including antimicrobial (Inoue et al., 1983; Goi et al., 1985; Ono et al., 1998) , antimutagenic (Morimitsu et al., 2000; Kinae et al., 2000) , antiplatelet (Morimitsu et al., 2000) and apoptosis-inducing (Watanabe et al., 2003) activities. Notably, however, wasabi leaves are boiled or fried when they are used in foods, with the majority of the leaf being discarded. Although several studies have been reported in the literature concerning the potential health benefits of the extracts of wasabi leaves, including their anti-oxidative (Hosoya et al., 2008) and anti-obesity (Ogawa et al., 2010) activities, there have been few studies aimed at identifying the active components of these extracts. Previous studies have reported the isolation of phenylpropanoid and flavonoid glycosides from wasabi leaves cultivated in Okutama, Tokyo, Japan (Hosoya et al., 2005 and 2008) . Although several studies have reported interesting bioactivities for wasabi leaf extracts, their active components remain unclear and further research is therefore required to elucidate the structural and biochemical properties of these components.
As part of our ongoing screening program identifying bioactive components from the agricultural products found in Shizuoka, Japan, we recently found that methanol extracts of wasabi leaves from this area showed anti-inflammatory activities in an in vitro assay using murine macrophage J774.1 cells, which were stimulated with lipopolysaccharide (LPS). The methanol extract of these leaves was subjected to chemical analysis, and the results demonstrated that the compounds contained in the extract exhibited anti-inflammatory activity. with Jasco UV-2075 Plus (Jasco Co., Inc., Tokyo, Japan).
Material and Methods

Plant material
The Wasabia japonica Matsumura leaves used in this study were cultivated in Shizuoka, Japan in April, 2012. Cell viability assay Cell viability was determined using an MTT assay. After the cultured medium was removed, 100 μL of fresh medium containing 10 μL of a 5 mg/mL MTT solution were added to each well, and the cells were incubated for 2 h at 37℃.
Isolation of compounds
The medium was then discarded and the formazan in the cells was 
Results and Discussion
Isolation of compounds from wasabi leaves The column chromatography and preparative-HPLC processes described in the experimental section led to the isolation of five phenylpropanoid glycosides (1 _ 4 and 9), three phenylpropanoids (5 _ 7), a phenolic glycoside (8), two flavonoid glycosides (10 and 11), two terpenoids (12 and 13) and a carotenoid (14) from the methanol extracts of the wasabi leaves cultivated in Shizuoka. The structures of these compounds were determined spectroscopically using NMR and MS analyses.
Determination of phenylpropanoids, their glycosides and a
phenolic glycoside Compounds 1 _ 4 were analyzed by 1 H and 13 C NMR spectroscopy in CD 3 OD; the resulting spectra were found to be very similar and implied that these compounds consisted of two phenylpropanoids and two sugar moieties. One of these groups was determined to be a sinapoyl group in all four compounds, whereas the other groups in compounds 1 _ 4 were 5-hydroxyferuloyl, caffeoyl, sinapoyl and feruloyl groups, respectively. Consideration of the 1 H NMR data for these compounds suggested that the olefinic protons were in a trans-configuration based on the large coupling constant between the protons (i.e., J =16 Hz). The NMR data for the sugar moiety of each compound was identical to that of gentiobiose, which consists of two glucose units linked through a 6→1′ glycosidic bond. HMBC correlations between H-1/C-9, H-6/ C-1′ and H-2′/C-9″ suggested that there was an acyl group attached to the C-1 position of one of the two glucose units, and that the other sinapoyl group was attached to the C-2′ position of the other glucose unit through an ester bond. The molecular formulae of compounds 1 _ 4 were determined to be C and 1-O-trans-sinapoyl-β-d-glucopyranose (Miyake et al., 2007) .
Compounds 5 _ 7 were determined to be trans-5-hydroxy ferulic acid methyl ester, trans-sinapic acid methyl ester and trans-ferulic acid methyl ester, respectively, through a comparison of their spectroscopic data with those of the authentic samples. suggested the presence of a C-glucoside linkage at C6, which was confirmed by HMBC correlations between H-1 and C-5/C-6/C-7.
Determination of flavonoids
Furthermore, the second sugar unit of this compound was determined to be attached to the flavone moiety through its C-4′ position based on a HMBC correlation between H-1 of the sugar and C-4′ of the B-ring. Taken together, these data suggested that compound 10 was isosaponarin (Dubois et al., 1985) . NMR analysis of compound 11 revealed that it also contained a C-6-substituted flavone, although this particular flavone was a luteolintype rather than an apigenin-type flavone. Based on the analyses, compound 11 was identified as isoorietin (Hörhammer et al., 1958) . et al., 2008; Fritz et al., 2012; Eliseu et al., 2012) .
Determination of terpenoids
In summary, we isolated 14 compounds from the methanol extract of wasabi leaves collected from Shizuoka, Japan. The structures of these compounds were elucidated based on their spectroscopic data, and revealed to be five phenylpropanoid glycosides (1 _ 4 and 9), three phenylpropanoids (5 _ 7), a phenolic glycoside (8), two flavonoid glycosides (10 and 11), two terpenoids (12 and 13) and a carotenoid (14). Furthermore, the methanol extract of the wasabi leaves exhibited inhibitory activity towards NO production in our screening program. The active components of this extract were subsequently determined and their mechanism of inhibitory activity revealed.
